sources of uncertainty for decision-makers, including climatic and hydrological non-stationarity, and uncertain human demands and adaptation responses. Decision-making needs to reflect those uncertainties, making use of the best available evidence and a full range of management options. This will involve asking what kind of future is desired and how to get there, what policies work best across a range of climatic conditions, and how much risk can be tolerated.
Currently, the many drivers of water security, including meteorological, hydrological and geological factors influencing water availability, as well as societal (e.g. supply and demand balance, water storage, transfer and utility trends), are considered in isolation. Consequently, there is a very poor understanding about how they jointly influence the behaviour of complex groundwater, surface water or ecological systems-as well as the hazards and resources associated with the stressing of these-such as wildfires, ground instability, water-, food-and ecosystem-services. It is clear that our knowledge of many interacting processes that govern the behaviour of these systems and their impacts in periods of water scarcity is extremely poor.
Science and technology has long been a major driver for UK and global prosperity, and has helped meet the ever-increasing demands on the water sector. Deploying new technologies, processes and knowledge that help make the global water sector more innovative and profitable will be even more critical in the future. However, rather than the usual small and uncoordinated efforts, making slow and uneven progress, a more coordinated strategic approach is required by the international research and innovation sector to the highly diverse and interrelated challenges. This will require major investments in new platforms for science, policy and enterprise to engage, with a portfolio of short-, medium-and long-term programmes stimulating business investment, and helping governments to meet environmental and climate targets, as well as social objectives.
New science is required to understand the effects of climate and land management change, and to provide the decision support tools required to support analysis of uncertain water futures. This analysis must recognize the necessity for social science perspectives in the understanding and modelling of what is a complex human-environmental system on a local scale, regional scale and global scale. Flow and storage of water in the world's major rivers are not only determined by human activities, but also from social factors such as demography, the global economy, changing societal values and norms, technological innovation, laws and customs, and financial markets [5] . For example, it is the combination of geophysical and socioeconomic forces that shapes human sensitivity and risks to weather extremes and this is linked to the level of economic development and investments in infrastructure, protection and response systems [6] .
The integrating nature of the scientific goals and the necessity to bring key stakeholders together demand a system-based approach. The adoption of such an approach in the past has been hampered by scientific and cultural challenges associated with bringing together environmental systems that are complex, heterogeneous on all scales, poorly characterized by direct measurement, and have originated (and are 'owned-by') different sectors (e.g. atmosphericand ground-based). However, the changing future political landscape, including the increased focus on adaptation, pursuit of efficiency through integration, maximization of past research investments, increased partnership, and greater access to data and models, now make a systembased approach both a viable and desirable option. For example, multiple risks related to drought, flooding and increased competition have prompted increasing calls for river basin adaptation to reduce risks and make-trade-offs at a whole of basin scale [7] . A system's perspective can yield insights on the extent and diversity of rivers, the climate risks they face, and the type and effectiveness of river basin management approaches developed in response [8] .
This requires a clear vision for the priority knowledge and capabilities that society needs, and the underpinning research challenges over the next decade to deliver them. No one country or scientific discipline will be able to offer complete solutions, but research excellence available globally can be applied effectively to tackling the challenges, capitalizing on the combined strengths of individual national capabilities.
In the UK, the Water Research and Innovation Partnership composed of private, public and third-sector bodies has been convened to address urgent and important water challenges, and has set out a clear and ambitious framework for the future that builds on existing collaborative actions. Collaboration within the UK, with the EU and its member states, and other international stakeholders will help the UK contribute to future global water security, using its expertise in the global water cycle, and its interaction with climate change [9] .
Other countries have similar frameworks for collaboration that can contribute their expertise to the integrated, multidisciplinary, multi-scale and multi-agency approaches required to address vulnerability, risk and resilience across the water sector and create constructive synergies between policy-makers, practitioners and researchers. Promising examples exist of potentially useful innovations in funding, research design, institutional incentives and education, which will need to be shared across national boundaries, and systematically tested, refined and replicated if researchers are to make more effective contributions to addressing global water insecurity.
It is important that this increased global coordination is inclusive and does not come at the cost of national research and innovation strategies but, rather, represents a net increase in investment in the global water research and innovation. The papers in this Theme Issue provide a snapshot of what we know so far in relation to the challenges, positives, tensions, etc., and the gaps in the evidence that need to be filled so we can catalyse sustainable water security. Moving forward, it will be important to maintain a good dialogue across the water sector and I hope this Theme Issue is a step in this direction.
